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. IMPROVEMENTS IN OR RELATING TO
ISOQUINOLINE DERIVATIVES AS IMMUNE REGULANTS

Immune suppressant agents have become quite

important because of their role in organ transplant

5 operations such as heart and kidney transplants. Part
of the human defense mechanism of the immune response
is to remove foreign antigens (in this case, produced
by the transplanted organ). Thus, in organ transplant
operations, large doses of an immune suppressant must

10 be given prior to and continuing after the operation to
prevent the host from rejecting the donor oxrgan.

The immune response is composed of a sequence
of cellular transformations and biocﬁemical events
leading to a bimodal response to foréign substances

15 (antigens). Cells which participate in the response
evolve from steém cells which originate in the bone
marrow and are seeded out to the peripheral lymphoid
organs. From these latter sites, following an anti-
genic stimulus, the body's response is mounted in the

20 plasma cells (which produce antibody) and specific'
immune lymphocytes. Antibodies are released into the
circulatory system and may act at a distance from the
producing cell (humoral immunity). Specific immune
lymphocytes also enter the circulatory system and act

25 at the site of injury (cellular immunity). ‘The re-
action of antibody with antigen triggers the release
of histamine from basophilic leukocytes; histamine, in
turn, acts to alter the permeability of blood vessels,
speeding the influx of antibodies and specific immune

3¢ lvmphocytes into the sites of injury. . Thus, the immune
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response is composed of a series of biochemical events
in a segquence of cells at various sites in the body.
This response can be altered or suppressed at a number
of biochemical.or cellular deveiopmental sites.
Antihistamines affect only a secondary reac-
tion in the immune response, having no direct effect on
antibody-producing cells or on specific immune lympho-
cytes. A number of agents, currently in use as immuno-
suppressive drugs, act further back in-the immune
response pathway. Certain anti-inflammatory steroids,
e.g., cortisone, suppress production of antibody and
specific immune 1yﬁphocytes, but also deplete normal
lymphoid tissue in addition to having other undesirable
side effects. Certain antineoplastic drugs e.g.,
azathioprine, cyclophosphamide, and methotrexate, are
employed as immunosuppressives, but they also deplete
normal lymphoid tissue and radically depress other

bone-marrow-derived cells. The general cytotoxicify of
the latter drugs is expected because they have been
selected on the basis of toxicity against a spectrum of
cell types. )

An object of this:invention is to provide
compoundé which alter the immpne response in mammals by
acting on cells functioning in the immune resporse
while avoiding certain side-effects and other undesir-
able attributes of compounds available as immune
regulants. .

Substituted 7H-benzimidazo[2,l-albenz[de]l-~
isoquinoline-7-ones, are named and numbered according
to the Ring Incdex, The American Chemical Society,
number 5818, as follows:



0106430

X-5641 -3-

10

15

20 .

25

Okazaki, et. al., J. Soc. Org. Synthet. Chem., Japan,
13, 80, 175, 228, and 413 (1955), describe- the prep-
aration of 10~ and ll-substituted compounds as repre-

sented by Formula I in which R is hydrogen, methyl, .
methoxy, and chloro. Similarly, Arient and Marhan,
Collection Czech. Chem. Comhun., 28, 1292 (1963),
describe the synthesis of related compounds in which
R is chloro, methyl, nitro, and amino. Each.citation

uses the same two methods of preparation. The first
method employs the reaction between 1,8-naphthalic acid
anhydride and appropriately substituted o-phenylene-
diamines which are prepared and isolated or formed in
situ from the appropriate o-nitroaniline precursor.
The in situ ¢ompound may be preﬁared prior to the
introduction of ‘the anhydride or in its presence.

The second method produces an intermediate
N-substituted~naphthalimide f£from the reaction of

"naphthalic anhydride with the apprdpriately substituted

o-nitrocaniline, and, in a second step, can be converted -
to the final product (i.e., compounds as represented in

Formula I) by chemical reduction and condensation.
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Both‘methods are described in U.S. Patent

No. 4,097,450 which discloses the reaction of o-phenyl-

enediamines and o-nitroanilines with 3,6-dihydroxy-
naphthalic acid anhydride to prepare 2,5-dihydroxy
congeners of the compounds represented by Formula I.

In all three citations above it has been
recognized that the second method utilizing o-nitro-
anilines is superior to the first method when the
corresponding o-phenylenediamine reaction can and does
give two isomers. For example, Okazaki (supra, p. 413)
demonstrated a 42:58 ratio of 10~ to ll-chloro isomers
when 3,4-diaminochlorobenzene was reacted with naphthalic
anhvdride, whereas pure'isomers could be obtained when
the appropriately substituted o-nitroanilines were
first reacted with the anhydride followed by chemical
reduction and condensation.

Arient and Marhan, supra, teaches also how
various derivatives, for example, those in which R is
chloro, can be prepared from compounds of Formula I
in which R is nitro, upon-reduction to the aniline (R
is NHZ) and subsecuent transformations via the Sandmeyer
reaction.

In these references the compounds of Formula I
were found to possess qualities suitable for use as
dyes and pigments. Recently several derivatives are
said also to be useful as epoxy hardeners and as
thickening agents for greases. -
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In accordance with the invention( it has
been determined that substituted 7E-benzimidazo[2,l-a]l-
benz [de] isoquinoline-7-ones of Formula I

® W\,
12 13 i T
WAV VAV AN

10

in which R represents bromo, chloro, fluoro or tri-
fluoromefhyl, at the 10 or 11 position or pharmaceu-
tically-acceptable salts thereof, are useful pharma-
13 ceuticals more specifically as immunosuppressive agents
in warm-blooded animals. .
The compounds of Formula (I), except the
free base in which R is chloro, are novel and are

provided in one aspect of the invention.

20
The preferred compounds of this invention

are those of Formula I in which R is at the 11 posi-

tion. Especially preferred is ll-trifliunoromethyl-7H-

benzimidazo[2,1l~a]benz[de]isoquinoline-7-one or a

pharmaceutically-acceptable salt thereof.

23 According to a further aspect of the preseat
invention there is provided a method of prepering a

compound of Formula I, or a pharmaceutically-accept-

able salt thereof which comprises the intramolecular
3g condensation of an amine of Formula II:
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and, if desired, optionally forming a pharmaceutically-
acceptable salt of the product. The condensation is
preferably carried out at elevated temperatures,
typically in the range of about 50-180°C, using a
suitable inert organic solvent.

\/

/

II

4

The compounds of Formula II may be prepared
by the condensation of substituted o-phenylenediamines
with naphthalic anhydride. The o-phenylenediamines
may be prepared from the appropriate o-nitroaniline
precursors either by catalytic hydrogenation or
chemical reduction. The diamine thus produced may be
isolated and subsequently reacted with the anhydride,
prepared in situ for later condensation with the
anhydride, or prepared in situ in the presence of the
anhydride. Suitable hydrogenation catalysts include,
among others, Raney nickel, palladium-on-cérbop,
platinum oxide, and sulfided platinum-on-carbon.
Solvents which are inert to hydrogenation conditions
such as, for example, ethanol, acetic acid, or tetra-
hydrofuran are employed in the reaction. Chemical

means of reduction include, for example, zinc or iron
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dust or stannous chloride in the presence of an acid,
such as hydrochloric acid. Generally in the practice

of this invention, molar equivalents of the o-phenylene-

.diamine or o-nitroaniline reactant and anhydride are

used. An excess of either reactant, however, can be
used if desired without an adverse effect on the

yield. ' This process forms from a singly substituted
o~-phenylenediamine or o~nitroaniline, two isomers of
compounds as represented by Formula I. The products

can be recovered by evaporation of the solvent followed
by purification by conventional methods such as crystal-
lization and/or chromatography.

B Alternatively, the anhydride can be con-
densed, by heating in a suitable inert solvent such as
acetic acid, with ﬁherappropriate o-nitroaniline to
produce the intermediate N- (substituted-o-nitrophenyl)-
naphthalimide, Subsequent reduction to the amine of
Formula II and heating, as previously described, -
converts the Formula II amine to a single isomer of
Formula I.

Although the latter method is preferred in
preparing isomerically pure compounds, it has been
found to be inoperable in certain cases. For example,
although the reaction of 3,4-~diaminobenzotrifluoride
with naphthalic anhydride gives the expected 10- and
1l-trifluoromethyl isomers of Formula I which are then
separated by chromatography, exposure of the anhydride
to 4-amino-3-nitrobenzotrifluoride in the manner
described above unexpectedly gives no desired imide

intermediate. This invention, however, provides an
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alternative method of producing directly and effi-
ciently.isomerically pure compounds represented by
Formula I in which R is trifluoromethyl.

It has been found that when the alkali metal
salt of naphthalimide, prepared, for example, by the
action of an alkali metal base such as a carbonate or
hydroxide upon naphthalimide, is heated in a high
boiling inert solvent with a 4- or 5-trifluoromethyl
substituted o-nitrohalobenzene, preferably in the
presence of an alkali metal halide catalyst such as
potassium iodide or potassium fluoride, the appro-
priate N-(trifluoromethyl-substituted-o-nitrophenyl)-
naphthalimidé can be prepared. This intermediate
N-substituted naphthalimide can be reduced and con-
densed in the manner previously described above.

Temperatures which are effective in accomp-
lishing the reaction between naphthalimide andjthe

-trifluoromethyl-substituted-o-nitrohalobenzene include

the range of 50-200°C., with 100-180°C. being pre-
ferred and 140-160°C. being most preferred. Suitable
inert, high boiling point solvents such as, for
example, diglyme, N,N-dimethylformamide, and dioxane
are used. The solvents essentially should be free of
water to minimize any undesirable interaction with the
o-nitrohalobenzene reagents. Preferred baées capable
of forming the naphthalimide salt are alkali metal
carbonates and hydroxides such as potassium carhonate
and sodium hydroxide. Although not cxritical to this
invention, we have found that small amounts of alkali

metal halides, such as potassium fluoride or potassium
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iodide, serve to catalyze the reaction. To have‘such
compoundé present in the reaction mixture to facilitate
the reaction process, therefore, is desirable.
Generally, in the practice of this invention,
the naphthalimide is allowed to react in the presence
of 1.0-2.5 molar equivalents of base and 1-3 molar
equivalents of the o-nitrohalobenzene. These ratios,
however, are not limiting as to the scope of this
invention.
The pharmaceutically-acceptable.acid addi-
tion salts of this invention include salts derived
from inorganic acids such as hydrochloric acid,
nitric acid, phosphoric acid, sulfuric acid, hydro-
bromic acid on hydroiodic acid, as well as those
derived from strong organic acids such as aliphatic on
aromatic sulfonic’ acids. Pharmaceutically-acceptable
salts include the sulfate, nitrate, chloride, bromide,

iodide, benzenesulfonate, toluenesulfonate, chloro-

.benzenesulfonate, xylenesulfonate, methanesulfonate,

propanesulfonate and naphthalene-l-sulfonate, naph-
thalene-2~sulfonate salts. Also included within the
scope - of suitable pharmaceutically-acceptable salts
are quaternary ammonium salts formed by, for instance,
by the alkylation of the nitrogen atom at the 13-
position of the ring system. “Pharmaceuticélly—
acceptable” salts are those salts useful in the
chemotherapy of warm-blooded animals.

Naphthalic anhydride and naphthalimide are
commercially available. The o-nitrohalobenzene,

o-nitroaniline, and o-phenylenediamine compounds which
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are required as reactants are either commercially
available or can be prepared by known methods of
amination, halogenation, nitration or reduction of
suitable aromatic precursors. The required benzo-
trifluoride reactants can be prepared by the fluori-
nation of the corresponding benzoic acids with sulfur
tetrafluoride.

As stated previously, the compounds of
Formula I are useful for suppressing the immune
response in mammals. Such suppression includes the
suppression of the immune response which originates
when the mammalian body forms antibodies and reactive
cells in response to the presence of foreign protein.
The practical application of immunosuppressive activity
is wvaried. An important application of immunosuppres-
sive activity is in the transplanting of. organs, but
immunosuppressive activity can be advantageously
employed alsc in the therapy of the various diseases
known collectively as "autoimmune" diseases. Repre-
sentative auto-immune diseases include auto-immune
hemolytic anemia, idiopathic thrombocytopenic purpura,
lupus erythematosus, lupoid hepatitis, lupus nephritis,
glomerulonephritis, the nephrotic syndrome; Goodpasture's
syndrome, Wegener's granulomatosis, schleroderma,
Sezary's disease, psoriasis, uveitis, rheumatoid
arthritis, ulcerative colitis, thyroiditis and mumps
orchitis. .
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In using the present'immunosuppressing
method, administration of a formula I compound can be
by the oral or parenteral routes. The precise amount
of active agent to be employed varies from compound to
compound. However, the compéunds of this invention
have a high therapeutic index, so that effective,
non-toxic doses, in each case, extend over a wide
range. Depending upon the test system, this range, for
the more active compounds of the series when tested in
small mammals,.extends from 0.2 to 25 mg./kg. per day.
Other compounds of the series require a larger dose,
such as up to 100 mg./kg. per day or more, in small
mammals. Based upon the relationship of doses of other
drugs observed for small.versus large animals (e.g.
azathioprine has a human dosage of about 1-2 mg./kg.
whereas the murine dosage is about 50 mg./kg. -- see
also Cancer Chemotherapy Reports, 50, 219 (1966)), the
anticipated effective human dosage range for the pres-
ent compounds is about .05-10 mg./kg. per day.

A preferred formulation for the method of

the present invention comprises an active agent of
Formula I and one of more adjuvants suited to the
particular route of administration. Compositions for
oral administration may be, for example, capsules,
tablets, pills, powders, emulsions, solutions, suspen-
sions, syrups, or elixirs, combined with conventional
adjuvants. In the case of solid formulations, suitable
adjuvants may include inert substances such as sucrose,
lactose, and starch. In the case of ligquid formula-
tions, suitable adjuvants hay inclucde, among others,
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water or mineral oil. When an aqueous solution is
desired, an acid addition salt conveniently is employed.
Solid or liguid formulations can include lubricating
agents, wetting agents, emulsifying and suspending
agents, preserving agents, sweetening agents or flavor-
ing agents.

In the instance of parenteral administration,
the compounds of the present invention are formulated
in a suitable sterile, injectable liquid. For example,
a pharmaceutically-acceptable acid-addition salt may be
used in an isotonic salt solution for I.V. or other
ihjection route. '

A preferred formulation is a-unit dosage form
adapted for oral administration to obtain an immunosup-
pressive effect, which comprises per unit, a chemo- .
therapeutically-acceptable amount of a formula I com-

_pound, in the range from about 0.2 to about 1000 milli-

grams, preferably in the range of 2 to 250 milligrams,
and a physiologically-acceptable diluent.

To further illustrate the invention, the
following non-limiting examples are provided.

Example 1

Preparation of 11-(trifluoromeﬁhylf-7H-
benzimidazo[2,1-albenz [de]lisoquinoline-7-cne

A. 2-[2-nitro-4-(trifluoromethyl)phenyl]-
l1H-benz [de]isoquinoline-1,3(2H)-dione -

Eight-tenths mole (157.6 g.) of 1,8-naphthalimide,

260 g. (1.15 m.) of 4-chloro-3-nitrobenzotrifluoride,
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64 g. (p.46 m.) of anhydrous potassium carbonate, about
4 g. (0.024 m.) of potassium iodide, and 2400 ml. of
dry N,N-dimethylformamide were allowed to reflux under
a nitrogen atmosphere for about 8 hours. The reaction
mixture was allowed to cool éo room temperature and the
reaction vessel was then chilled in an ice-bath. The
resulting precipitate was filtered, washed with water,
and dried in vacuo to yield crude 2-[2-nitro-4-
(trifluoromethyl) phenyl]}-1H-benz [de]}isogquinoline-~1, 3-
(2H) -dione.

B, 1ll-(Trifluoromethyl)-7H-benzimidazo[2,1-
albenz[de] isoquinoline-7-one

2= [2-nitro-4-(trifluoromethyl)phenyl]-1H-
benz [de]lisoguinoline~1,3(2H)-dione, 134.3 q. (6.347_
m.), was hydrogenated at 55°C. in 600 ml. of glacial
acetic acid with 15 g. of palladium-on-carbon (5 per-
cent) at 60 psi. The temperature rose to about 100°C.,
and after 1.5 hours, three equivalents of hydrogén were
absorbed with the temperature returnihg to room tempera-
ture. The reaction mixture was heated to boiling and
filtere§ to remove the catalyst. Upon cooling, the
precipitated product was collected and washed with 2B
ethanol. Recrystallization from N,N-dimethylformamide
yielded about 69.2 g. (59 percent yield) of 1ll-(triflu-
oromethyl)~7H-benzimidazo[2,1l~-albenz [delisoquinoline~
7-one, m.p. about 212-214°C.

Analysis: C19H9F3N20;
Calc: C, 67.46; H, 2.68; N, 8.28; F, 16.85;
Found: C, 67.19; H, 2.48; N, 7.99; F, 16.83.
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The intermediate amine of Formula II in which R is
trifluoromethyl, that is 2-[2-amino-4- (trifluoro-
methyl) phenyl]~-1H-benz [de] isoguinoline-~1, 3- (2H) -dione,
can be prepared and isclated as above except the
reduction is.performed in DMF at room temperature.
The product obtained (50% yield) has m.p. 261-262°.

Example 2

Alternate preparation of 10- and 1l-(tri-
fluoromethyl)-7H-benzimidazo[2,1-albenz [de] isoquino-
line-7-one

One-tenth mole (20.6 g.) of 4-amino-3-nitro-
benzotrifluoride was catalyticallyv reduced to the
respective diamine in 350 ml..of 2B ethanol using about
3 g. of Raney nickel at about 60 psi. After the uptake
ceased, the catalyst was filtered off and the filtrate
was heated with 19.8 g. (0.1 m.) of naphthalic acid
anhydride in a sealed bomb at 180°C. for about 16 hours.
Upon cooling, the resulting solid was collected by
filtration and recrystallized from ethyl acetate.
Additional material was reco&ered'by adding water to the
above filtrate, extracting with ethyl acetate, and
evaporating the ethyl acetate. Crystallization from
ethanol resulted in material with a m.p. about 198°C.
(dec.). Total weight recovered from both crystalliza—
tions was 16.9.g. (50 percent vield). Thin layer
chromatography on silica gel (eluting solvent: toluene/
ethyl acetate, 4:1) revealed the presence of two major

components in approximately equal amounts.
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When 10.0 g. of the above mixture were sub-
jected to reverse-phase high pressure liguid chroma-
tography, 1.3 g. of the less polar product, 1l-(tri-
fluoromethyl) -7H-benzimidazo[2,1-albenz[de] isogquinoline-
7-oné, yellow crystals from ethyl acetate, m.p. about
217-219°C., and 1.8 g. of the more polar product, 10-
(trifluoromethyl)~-7H-benzimidazo[2,1~a]benz[de] iso-~
guinoline-7-one, yellow crystals from ethyl acetate,
m.p. about 237-239°C., wexe recovered.

Example 3

Preparation of 10- and ll-chloro-7H-benz-
imidazo[Z,l-a]benz[de]isoquinoline—7—one

'Following the procedure of Example 2,
14.2 g. (0.1 m.) of 4-chloro-2-nitroaniline were
catalytically reduced with 5% sulfided platinium-on-
carbon and reacted with 19.8 g. (0.1 m.) of naphthalic
anhydride to give the mixture of the 10- and ll-chloro

- isomers, in a 61% yield, m.p. about 200-203°C. (recrys-

tallized from N,N-dimethylformamide). Preparative HPLC

and recrystallization from ethyl acetate gave the pure
isomers.
1l-chloro-7H-benzimidazo [2,1-albenz [de]isoquinoline-
7-one, m.p. about 233-235°C.
Analysis: C18H9C1N20; i
Calec.: C, 70.95; H, 2.98; N, 9.19;

Found: C, 70.68; H, 3.16; N, 9.16.

10-chloro-7H-benzimidazo[2,1-albenz[de]isoquinoline-7-
one, m.p. about 228-230°C. '

9C1N20;

Calc.: C, 70.95; H, 2.98; N, 9.19;

Found: C, 70.68; H, 2.87; N, 9.34.

Analysis: ClSH
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Example 4

Preparation of 10- and ll-bromo-7H-benzimidazo-

[2,1-a]lbenz[de]isoquinoline-7-one

Following the procedure of Exampleiz, 21.7 g.
(0.1 m.) of 4-bromo-2-nitroaniline were catalytically
reduced in 100 ml. of acetic acid with 5% sulfided
platinum-on~-carbon. After filtration of the catalyst,
19.8 g. (0.1 m.) of naphthalic anhydride were added in
300 ml. of 2B ethanol. After heating and cooling as
described in Example 2, the products were recovVered by
filtration in a 40% yield, m.p. about 186-188°C, .
(recrystallized from N,N-dimethylformamide). Prepa-
rative HPLC and recrystallization from ethyl acetate
gave the pure isomers.

l1l-bromo-7H-benzimidazo{2,l-albenz[de]isoquinoline-7-

one, m.p. about 220-222°C.

Analysis: C18H9BrN20;
Calc.: C, 61.91; H, 2.60; N, 8.02;
Found: C, 61.85; H, 2.73; N, 7.86.

10-bromo-7H-benzimidazo[2,1-albenz[de]isoquinoline~-7-
one, m.p. about 208-210°C.
Analysis: C18H9BrN20; -
Calc.: C, 61.91; H, 2.60; N, 8.02;
Found: C, 61.95; H, 2.54; N, 7.76.
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Example 5

Preparation of 10- and ll-fluoro-7H-benz~-
imidazo[2,1-a]lbenz [de]isoquinoline-7-one

Following the procedure of Example 2, 15.6 g.
(0.1 m.) of 4-fluoro~2-nitroaniline were catalytically
reduced in 400 ml. of 2B ethanol with Raney nickel.
After filtration of the catalyst, 19.8 g. (0.1 m.) of
naphthalic anhydride were added, and after heating and
cooling as described in Example 2, the products were
recovered by filtration. Crystallizdtion from tetra-

hydrofuran resulted in a 45 percent yield of the isomer

~mixture, m.p. about 215-217°C. Preparative HPLC of

about 5 g. of the mixture followed by crystallization
from tetrahydrofuran gave 1.6 g. of li-fluoro-7H-
benzimidazo[2,1-albenz[de]isoquinoline-7-one, m.p. about
228-230°C., and a small amount of the l10-fluoro isomer.
l1l1-fluoro-7H-benzimidazo[2,1-a}benz [de]isoquinoline~7-
one

Analysis: C, H FNZO;

1879
Calc.: €, 75.00; H, 3.15; N, 9.72;

Found: C, 75.24; H, 3.21; N, 9.75.
Example 6

Preparation of 1ll-(trifluoromethyl)-7H-
benzimidazo[2,1-albenz[de]isoquinolin-7-one 4-methyl-
benzene sulfonate

11 (Trifluorcmethyl)-7E~benzimidazo[2,1~a]l-

benz[de]isoguinoline~7-one (.1 g.) was dissolved in

.20 ml. of THF and .l c¢. of p~toluenesulfonic acid
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monohydrate in 10 ml. of THF was added. The solution
was stirfed at room temperature whereupon a crystalline
precipitate formed. After 1 hour, the solid was col-
lected and washed several times with THF to yield light
5 yellow crystals of the product, m.p. 227-229°,
Analysis for C26H17N204SF3
Calc.: C, 61.17; H, 3.36; N, 5.49;

Found: C, 61.37; H, 3.33; N, 5.63.

Example 7
10 -

Preparation of ll-chloro-7H-benzimidazo[2,1-

albenz[de]lisoquinoline-7-one 4-methylbenzene sulfonate

ll—Chloro-?H-benzimidazo[2,1—a]beﬁz[de]iso-
‘quiholine-7-one (.1 g.) was dissolved in about 30 ml.
15 of THF andé .1 g. of p-toluenesulfonic acid in 10 ml. of
THF was added. After standing at room temperature for
about 3 hours, the resulting crystalline precipitate
was collécted and washed with THF to yield yellow
crystalline product, m.p. 220-225°.
20 Analysis for C,gH,,N,0,SC1
Calc.: C, 62.9%96; B, 3.59; N, 5.87;
Found: C, 62.98; H, 3.41l; N, 5.85.

Example 8

25 Preparation of 13-methyl-7-oxo-1ll-(trifluoro-
methyl)-7H~benzimidazo[2,1-albenz[de]isoquinclinium
4-methylbenzenesulfonate

Six grams (0.018 m.) of 1ll-(trifluoromethyl)-

7H-benzimidazo[2,l1-a]lbenz[de] isoguinoline-7-one were

30  nheated to about 100°C. in 25 ml. of methyl p-toluene-
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sulfonate for about 16 hours under a nitrogen atmos-
phere. After cooling, the solution was poured into
ether. The solids were collected and recrystallized
twice from methanol/ether to give 4.7 g. (50.5 percent
yield) of the desired product, m.p. about 263-265°C.
Analysis: c27H19F3N504s;
Calc.: C, 61.83; H, 3.65; N, 5.34;
-Found: C, 61.54; H, 3.64; N, 5.11.

Examples 9-21

Mouse Hemagglutinin assay, oral administra-
tion {pooled serum assay procedure)

Groups of five 20~-gram, male, random-bred,
Swiss mice received intravenous injections of 5 X 107
sheep red blooéd cells. The cells for these injections
were prepared from lamb's blood (cQllected in Alsever's
solution) by washing three times with 0.85 percent
saline. Nine daily doses of eagh compound to be tested,
solubilized in polyethylene glycol 400, were adminis-
tered orally in 0.1 ml. doses, commencing three days
prior to red Slood cell injection. Several dose 1évels
of each compound were employed, at 2~-fold increments.
A control group of mice, receiving a red blood cell
injection and nine daily doses of vehicle instead of
drug, was included. Six days after the antigen injec-.
tions, the mice were bled by cardiac buncture and the
blood -from each 5-mouse group pooled. The sera from
the pools, following complement inactivation (56°C. for
30 minutes), were assayed for hemagglutinin content
using an "Autotiter 10" apparatus (Ames Div., Miles
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Laboratories) programed to prepare serial 2-fold saline
dilutioﬁs.of the test sera in 0.25 percent sheep red
blood cell suspension in microtitration trays. Follow-
ing incubation of the trays for 3 hours at 37°C., the
hemagglutination patterns were graded. A 4-fold (75
percent) or greater antibody reduction (in the test
serum as compared with the control serum) was consid-
ered significant. The results were expressed as the
minimum effective dose ("MED") - the lowest drug dose
producing 75 percent or greater antibody suppression.

The results of testing the compounds of this
invention for their ability to reduce antibody produc-
tion are summarized in Table I. Azathioprine (IMURAN),
which is used for clinical immunosuppression, has an
MED of 100 mg./kg. X 9 in this test.
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Table I
'Oral immunosuppressive Activity of
7H-Benzimidazo[2,l-a]lbenz [de]~
isoguinoline~-7-ones of Formula I
5 {Pooled Serum Assay Procedure)
éompound of Formula I MED
(R Substituent) mg./kg. X 9 P.O.
10-trifluoromethyl 25.0
ll-trifluoromethyl . 0.2
10
10-chloro 3.1
- 1l-chloro 0.4
10-bromo 12.5
ll-bromo 1.6
l1-fluoro 12.5
15 10-trifluoromethyl (methyl 100
p-toluenesulfonate salt)
11-trifluoromethyl (methyl 1.6
p-toluenesulfcnate salt)
10-chloro(methyl p-toluene- >100
sulfonate salt)
20 ll-chloro(methyl p-toluene—' 100
sulfonate salt)
l1l1-trifluoromethyl (p~toluene- 3.1
sulfonate salt)
ll~chloro(p~toluenesulfonate 6.25
salt)
25
Examples 22-25
Individual serum assay procedure
In these tests, the procedure described above
30 in Examples 7-19 was modified by the use of 10-mouse

groups, rather than 5-mouse groups.

The mice were bled

as before, but the sera were titered individually
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rather than as a pool. Mean hemagglutinin values
(logz)iS.E. were calculated for each l0-mouse group and
p values (by Student's t Test), in comparison with the
control group, were determined. The lowest drug dose
significantly (p<0.05) lowering antibody titer defined
the endpoint. The drugs were administered orally in
ten daily doses, commencing three days prior to red
blood cell injection. Drugs were suspended in a
vehicle composed of saline containing 0.125 percent
methylcellulose and 0.2 percent nonionic emulsifying
agent. Antibody (hemagglutinin) determinations were
made seven days following a red blood cell injection.
Typical results obtained in the-individuél serum assay
test with representative compounds of the invention are
summarized in Table II. Azathioprine has an endpoint
dose of 100 mg./kg. X 10 P.O. in this assay system.

Table IX

Oral immunosuppressive Activity of Compounds

(Individual Serum Assay Procedure)

Compound of Endpoint Dose
Formula I (p <0.05)

(R substituent) in mg./kg. X 10 P.O.
l1l-trifluoromethyl . 0.4
ll-chloro 0.2
1l-trifluoromethyl (methyl 12.5

p-toluene sulfonate salt)
l1l-bromo 12.5
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Examples 26-30

Graft-Versus~Host (GVH) reaction

In this test,
cells are injected into

parental (C57BL) mouse spleen
mice of an Fl hybrid strain

(C57BL x C3H). The recipient mice do not reject the
injected spleen cells, because the hybrid recognizes

C57BL~related antigens from its homozygous parent as

"self." The injected cells, however, mount a reaction

to the recipient's tissue due to the foreign C3H-

derived antigens. As a

spleen becomes enlarged.

consequence, the recipient's

Immunosuppression prevents oxr

reduces this enlargement. Thus, spleen weights_provide

a measure of the GVH reaction and its reduction under

immunosuppression.

A modification of Simonsen's original proce-
g P

dure (Ann. N.Y. Acad. Sci., 73, 834 (1958)) was employed.
Large crops of spleen cells were obtained, without the
generally employed manual teasing of spleens, by using
Waring blendors with the cutting blades reversed. Two
six-second blending periods buffeted the spleens

(batches of 25 C57BL spleens in 25-ml. saline) suffi-

ciently to free the cells from the connective tissue.
The latter was removed by filtration through several
thicknesses of cheesecloth. Cell suspensions prepared

in this fashion were standardized, by means of Levy-

Hausser chamber counts,
cells per ml. Groups of
mice were injected intra

donor cell suspension.

to contain 6 X 108 nucleated

ten 16-18 gram C57BIL X C3H
peritoneally with 1 ml. of the

The compounds were administered



X-5641

10

15

20

25

30

0106430

-24-

either orally (P.0.)  or subcutaneously (S.C.) in a
vehicle composed of saline containing 0.125% methyl-
cellulose and 0.2% emulphor, commencing 3 days prior to
cell injection and continuing daily for 13 days.
Control animals received only cells and vehicle. The
spleens were removed and weighed 10 days following cell
injection, and the mg. spleen/g;am body weight was
calculated. ’

The compounds were administered at several
dose levels and the mean spleen/body weight ratio at
each dose level was compared to the control group which
received only the vehicle. The p values (by Student's
two-tail t Test) were determined as compared to the
control group. The lowest drug dose significantly
(p<0.05) lowerinc the spleen/body weight ratio defined
the endpoiht. The results obtained in the graft-versus-
host reaction with the compounds of this invention and
standard@ compounds are summarized in Table III.
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Example 31
Adjuvant-induced arthritis test in rats

ll-Trifluo;omethyl—7H-benzimidazo[2,l—a]-
benz[de] isogquinoline-7-one was tested for its ability
to alter hind paw swelling and bone damage resulting
from adjuvant-induced edema in rats. In order to
guantitate the inhibition of hind paw swelling re-
sulting from adjuvant-induced arthritis, two phases of
inflammation have been defined: (1) the primary and
secondary injected hind paw, and (2) the secondary
uninjected hind paw, which generally begins developiﬁg
about eleven days from the induction of inflammation

in the injected paw. Reduction of the. latter type of

inflammation is an indication of immunosuppressive
activity. C£. Chang, Arth. Rheum., 20, 1135-1141

(1977) . Fenoprofen (40 mg./kg.) was included as a
standard anti-inflammatory compound for comparative

evaluation (Nickander et. al., Fed. Proc. Annual FASER
Mtgs., April, 1971, ABS No. 205).

Adjuvant arthritis was induced in male
Lewis-Wistar rats (200-210 grams) by a single sub-
plantar injection into the right hind paw of 0.1 ml. of
a 0.5% suspension of heat-killed, lyophilized Myco-

- bacterium tuberculosis (Calbiochem-Perrigen-C) in

mineral oil (a modification of a method reported by
Winter et al., Arth. Rheum., 9, 394-397 (1966)). One
group of 10 rats ("TB control") received only this

treatment. Another group of 5 rats received no treat-

ment (normal control). Each cémpound to be tested was
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suspended in carboxymethylcellulose (1%) and adminis-
tered by gavage to rats (groups of 5 each) in daily
oral doses of 100 mg./kg. (Test 1) and 50 mg./kg.
(Test 2), beginning on day one and continuing through

5 the 23rd day after the adjuvant injection (24 doses).
Paw volumes were measured by mercury displacement using
a Statham pressure transducer and digital voltmeter.
Volumes of both the injected and the uninjected hind
paws were measured on-days 11, 14, 16, 18, 21, 23, and

10 25, X-ray photos were taken on day 25, after the
animals were sacrificed. The paw volume measurements
on the uninjected paw beginning with day 11 through day
25 were computer plotted for the TB controls, the
normal controls, and the drug-treated animals, and the

15 areas under the curves [(TB controls minus normal
controls) and (treated animals minus normal controls)]

were determined. The results are summarized in Table IV.

20
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Table IV

Inhibition of Uninjected Paw Volume Inflammation
Days 11 through 25

Dose «
mg./kg. P.O. x 24 % Inhibition

Test 1

Fenoprofen 40 44.0%

11-Trifluoromethyl-
7H~-benzimidazo [2,1-a]-
benz [delisogquinoline-7-

one - 100 - 85.8%
Test 2
Fenoprofen 40 60.7%

11-Trifluvoromethyl-

7H-benzimidazo{[2,1-al~-

benz [de]l isoquinoline-7- )

one 50 55.9%

% inhibition is the difference of the areas under the
curves (AUC) of the mean uninjected paw volumes plotted
for days 11, 14, 16, 18, 21, 23, and 25 according to
the following formula: .

(Drug treated AUC)-(normal control AUC).
(TB control AUC)-(normal control AUC) *

% inhibitien = [1- x 100
Gross observation of X-ray photos taken of

uninjected paws showed a 94% (Test 1) and 88% (Test 2)

inhibition of bone damage in the treated animals as

compared to the TB control group. A substantial

inhibition of bone damage (68% in Test l; 66% in

Test 2) was also seen -in a comparison of the injected

paws.
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CLAINMS

l. A compound of Formula I:

1i//§\'3
.
1 10/ \O/J\T/ \\‘/ \\o
A | I
NS

in which R is bromo, chloro, fluoro, or trifluorb—
methyl, each at the 10 or 1l position, or a pharma-
ceutically-acceptable salt thereof, for use as a
pharmaceutical.

2. A compound as defined in-Claim 1 for use
as an immunosuppressive in warm-blooded animals.

3. A pharmaceutical formulation which
comprises as an active ingredient a compound of .
Formula I as defined in Claim l, or a pharmaceuticallv-

acceptable salt thereof, associated with one or more

- pharmaceutically~acceptable carriers or vehicles

therefor.
4. A compbund of Formula I, or a pharma-
ceutically-acceptable salt thereof, as defined in

Claim 1, provided that R cannot be chloro when the
compound is in the form of a free base.
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5. A compound of formula I as claimed in
Claim 4 in which R is trifluoromethyl, or a pharma-
ceutically—acceptable salt thereof.

6. 13-Methyl-7-oxo-ll-(trifluoromethyl)-7H~-
benzimidazo[2,1l-albenz{de]isogquinolinium 4-methyl
benzenesulfonate. .

7. A compound of Formula I as claimed in
Claim 4 in which R is bromo, or a pharmaceutically-
acceptable salt thereof.

8. A compound of Formula I as claimed in.
Claim 4 in which R is fluoro, or a pharmaceutically-
acceptable salt thereof.

9. A process for preparing a compound of
Formula I as claimed in any one of Claims 4 to 8, or a
pharmaceutically-acceptable salt thereof, which

comprises the intramolecular condensation of an amine
of Formula II:

7\
\.=./

AW\

i
e N\,
) g

o)
/‘l*\\
p—

11

N
Ve

and, if desired, optionally forming a pharmaceutiéaliy-
acceptable salt of the product. '

10. A process according to Claim 9 in which
the amine of Formula II is produced in situ by the

reduction of the corresponding nitro derivative.



	bibliography
	description
	claims

